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(57) ABSTRACT

An antenna interacting with a signal having a frequency is
provided. The antenna includes a radiation element having a
hollow portion having an angle corner related to the fre-
quency, and including a first inner edge; a second inner edge,
wherein the angle corner is formed by the first inner edge and
the second inner edge; a third inner edge connected to the
second inner edge; a first outer edge; and a second outer edge,
wherein the first outer edge and the second outer edge form a
first included angle.

17 Claims, 14 Drawing Sheets
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LOOP-TYPE ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION AND CLAIM OF PRIORITY

The application claims the benefit of Taiwan Patent Appli-
cation No. 099133365, filed on Sep. 30, 2010, in the Taiwan
Intellectual Property Office, the disclosures of which are
incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

The present invention relates to an antenna, and more par-
ticularly to a loop-type antenna.

BACKGROUND OF THE INVENTION

The antenna is a converting device designed for sending or
receiving the electromagnetic wave, which can convert the
electromagnetic wave into the current, and vice versa. The
voltage standing wave ratio (VSWR) of the antenna is com-
monly used to estimate the matching status between the
impedance value of the transmission wire and that of the
antenna. It is well-known by the skilled person that
VSWR=V, . /V, ..=1+IT')/(1-1Tl), wherein V,,,. repre-
sents the maximum voltage value of the standing wave, V,,,,,
represents the minimum voltage value of the standing wave,
and I represents the reflection coefficient. It is also well-
known by the skilled person that I'=(Z-Z0)/(Z+70), wherein
Z.is the impedance value of the antenna, and Z0 is the imped-
ance value of the transmission wire. Therefore, the imped-
ance value of the antenna Z will affect the reflection coeffi-
cient, thereby indirectly affecting the VSWR, i.e. the
matching status between the impedance value of the trans-
mission wire and that of the antenna. Hence, the impedance
value of the antenna needs to be considered when designing
the antenna. When designing the antenna, the receiving or
transmitting frequency of the antenna, the gain ofthe antenna,
the radiation power of the antenna, the return loss of the
antenna, the length and geometric figure of the antenna, and
the matching between the impedance value of the transmis-
sion wire and the impedance value of the antenna also need to
be considered.

Currently, the size of the wireless product tends to minia-
turization. The antenna is an important element of the wire-
less product so that it also tends to miniaturization.

Please refer to FIG. 1, which shows a conventional dual-
band loop-type antenna in the Taiwanese Patent No. 1319643.
The conventional dual-band loop-type antenna 1 includes a
ground surface 11, an FR4 glass substrate 10, a radiation
metal ring 12 and a radiation metal sheet 13. The ground
surface 11 includes a ground point 111 and a short-circuit
point 112. The radiation metal ring 12 has a feed terminal 121
and a short-circuit terminal 122, and there is a specific dis-
tance between the feed terminal 121 and the short-circuit
terminal 122. The short-circuit terminal 122 is electrically
connected to the short-circuit point 112 on the ground surface
11, and the specific distance between the feed terminal 121
and the short-circuit terminal 122 is less than 5 mm. The
radiation metal sheet 13 has a terminal 131, and is surrounded
by the radiation metal ring 12. The terminal 131 of the radia-
tion metal sheet 13 is electrically connected to the vicinity of
the short-circuit terminal 122 of the radiation metal ring 12,
and the distance between the terminal 131 and the short-
circuit terminal 122 is less than 10 mm.

The size of the ground surface 11 is 50*100 mm?, and the
area surrounded by the radiation metal ring 12 is 50%15 mm?.
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Since the conventional dual-band loop-type antenna 1 occu-
pies more space, it is not suitable for the small wireless
product. Besides, the conventional dual-band loop-type
antenna 1 has a small bandwidth, and is only suitable for the
central frequency 900 MHz with a bandwidth of 250 MHz as
well as the central frequency 1800 MHz with a bandwidth of
170 MHz. Moreover, the conventional dual-band loop-type
antenna 1 uses the printed circuit board and the etching tech-
nology to be formed, together with the ground surface 1, on
the FR4 glass substrate 10 with a thickness of 0.8 mm. This
not only requires a more complicated process and a higher
cost, but also reduces the radiation power of the antenna.

In order to overcome the drawbacks in the prior art, a
loop-type antenna is provided. The particular design in the
present invention not only solves the problems described
above, but also is easy to be implemented. Thus, the present
invention has the utility for the industry.

SUMMARY OF THE INVENTION

In accordance with an aspect of the present invention, an
antenna is provided. The antenna is suitable for the wireless
transmission device, and can be easily adjusted according to
the requirements of the device to achieve a desirable fre-
quency. The desirable frequency approximately ranges
between 4.8 GHz and 6 GHz. The antenna can be applied to
the notebook computer, the cellphone, the access point (AP),
or the wireless transmission TV or DVD. The antenna can
also be applied to the wireless device using the 802.11/a
transmission, the WIFI transmission, the 3G transmission, the
3.5G transmission or the 4G transmission.

In accordance with another aspect of the present invention,
an antenna is provided. The antenna includes a first antenna
unit having a first impedance value and including a first radia-
tion element having an edge and a first hollow portion having
afirstangle corner; a first ground portion connected to the first
radiation element; and a first feed portion connected to the
first radiation element and having an edge, wherein the edge
of the first feed portion and the edge of the first radiation
element form a first included angle; and a second antenna unit
having a second impedance value and including a second
radiation element having an edge and a second hollow portion
having a second angle corner; a second ground portion con-
nected to the second radiation element; and a second feed
portion connected to the second radiation element and having
an edge, wherein the edge of the second feed portion and the
edge of the second radiation element form a second included
angle, wherein the first ground portion is connected to the
second ground portion, the first impedance value is set by the
first angle corner, and the second impedance value is set by
the second angle corner.

In accordance with a further aspect of the present inven-
tion, an antenna interacting with a signal having a frequency
is provided. The antenna includes a radiation element having
a hollow portion having an angle corner related to the fre-
quency, and including a first inner edge; a second inner edge,
wherein the angle corner is formed by the first inner edge and
the second inner edge; a third inner edge connected to the
second inner edge; a first outer edge; and a second outer edge,
wherein the first outer edge and the second outer edge form a
first included angle.

In accordance with further another aspect of the present
invention, an antenna having an impedance value is provided.
The antenna includes a radiation element having a hollow
portion having an angle corner related to the impedance
value, and including a first inner edge; a second inner edge,
wherein the angle corner is formed by the first inner edge and
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the second inner edge; a third inner edge connected to the
second inner edge; a first outer edge; and a second outer edge,
wherein the first outer edge and the second outer edge form a
first included angle.

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed descriptions
and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional dual-band loop-type antenna.

FIG. 2(a) shows an antenna according to a first embodi-
ment of the present invention;

FIG. 2(b) is an isogonal view of the antenna according to
the first embodiment of the present invention;

FIG. 2(c) shows the antenna with the angle 6 of 180°
according to the first embodiment of the present invention;

FIG. 2(d) shows the antenna with the angle 6 between 0°
and 180° according to the first embodiment of the present
invention;

FIG. 2(e) shows the antenna with the angle 6 of 0° accord-
ing to the first embodiment of the present invention;

FIG. 3 shows the relationship between the variation of the
angle 6 and the VSWR according to the first embodiment of
the present invention;

FIG. 4(a) is the radiation pattern of the antenna operating at
the frequency f1 of 4.9 GHz in the Y-Z plane according to the
first embodiment of the present invention;

FIG. 4(b) is the radiation pattern of the antenna operating at
the frequency f1 of 4.9 GHz in the Z-X plane according to the
first embodiment of the present invention;

FIG. 4(c) is the radiation pattern of the antenna operating at
the frequency f1 of 4.9 GHz in the X-Y plane according to the
first embodiment of the present invention;

FIG. 4(d) is the radiation pattern of the antenna operating at
the frequency f1 of 5.875 GHz in the Y-Z plane according to
the first embodiment of the present invention;

FIG. 4(e) is the radiation pattern of the antenna operating at
the frequency f1 of 5.875 GHz in the Z-X plane according to
the first embodiment of the present invention;

FIG. 4(f) is the radiation pattern of the antenna operating at
the frequency f1 of 5.875 GHz in the X-Y plane according to
the first embodiment of the present invention;

FIG. 5 shows an antenna according to a second embodi-
ment of the present invention;

FIG. 6(a) shows the antenna connected to a substrate ver-
tically according to the first embodiment of the present inven-
tion; and

FIG. 6(b) shows the antenna connected to a substrate in
parallel according to the first embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for the purposes
of illustration and description only; it is not intended to be
exhaustive or to be limited to the precise form disclosed.

Please refer to FIG. 2(a), which shows an antenna accord-
ing to a first embodiment of the present invention. The
antenna 2 includes a radiation element 22, a ground portion
20, a feed portion 21, a transmission wire 24 and a conducting
wire 26. A signal 25 having a frequency f1 is input to the
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transmission wire 24, and the transmission wire 24 is con-
nected to a feed point 2110. The antenna 2 interacts with the
signal 25 having the frequency fl. The radiation element 22
has a hollow portion 220, and the hollow portion 220 has an
angle corner 2200 related to the frequency f1. The radiation
element 22 includes a first inner edge 2201, a second inner
edge 2202, a third inner edge 2203, a first outer edge 2204, a
second outer edge 2205 and an inner edge 221. The first inner
edge 2201 and the second inner edge 2202 form the angle
corner 2200. The third inner edge 2203 is connected to the
ground portion 20. The first outer edge 2204 and the second
outer edge 2205 form a first included angle 2206.

The outer edge of the hollow portion 220 includes the inner
edge 221, the first inner edge 2201, the second inner edge
2202 and the third inner edge 2203. The connection of the first
inner edge 2201, the second inner edge 2202, the third inner
edge 2203, the first outer edge 2204, the second outer edge
2205 and the inner edge 221 forms the non-hollow portion of
the radiation element 2.

The radiation element 22 further includes a first end por-
tion 222 and a second end portion 223. The feed portion 21 is
connected to the first end portion 222 of the radiation element
22. The edge 210 of the feed portion 21 and the inner edge 221
of' the radiation element 22 form a second included angle 23.
The feed point 2110 receives the signal 25, and the second
included angle 23 is 90°.

The ground portion 20 is connected to the second end
portion 223 of the radiation element 22. The ground portion
20 has a plurality of recesses 200. The recesses 200 are
disposed at different ground positions 2001, 2002, 2003,
2004, 2005 of the ground portion 20 for setting the charac-
teristic length of the antenna 2 so as to enable the signal 25
having the frequency f1 to be sent or received by the antenna
2. The conducting wire 26 is connected to one of the different
ground positions 2001, 2002, 2003, 2004, 2005 of the ground
portion 20. The ground portion 20 further includes a third
outer edge 2006 and a fourth outer edge 2007. The feed
portion 21 further includes a fifth outer edge 213, a first
protruding portion 211 and a second protruding portion 212.
The feed point 2110 is located at the first protruding portion
211.

Please refer to FIG. 2(b), which is an isogonal view of the
antenna according to the first embodiment of the present
invention. The antenna 2 is substantially a sheet rectangle
with a length of 24 mm and a width of 14 mm. Therefore, the
antenna 2 of the present invention occupies less space than the
conventional dual-band loop-type antenna 1. In FIG. 2(b), the
respective directions of the X-axis, the Y-axis and the Z-axis
are marked. The radiation element 22 has a sheet structure 27
being a V-shaped structure. The sheet structure 27 is made of
metal. The antenna 2 is a rectangular loop-type structure 3
having a gap 28. The edge of the gap 28 includes the third
outer edge 2006, the fourth outer edge 2007, the fifth outer
edge 213 and the outer edge of the first protruding portion
211. The hollow portion 220 is connected to the gap 28 at the
first protruding portion 211 and the fourth outer edge 2007.

Please refer to FIG. 2(c), which shows the antenna with the
angle 8 of 180° according to the first embodiment of the
present invention. In the following embodiments, the ground
position 2005 is used to describe how the characteristic length
of'the antenna 2 changes when the angle 6 of the angle corner
2200 changes. In the first embodiment of the present inven-
tion, the angle 0 is between 0° and 180°. In FIG. 2(c¢), when
the angle 0 is 180°, one end of'the first inner edge 2201 moves
from the point A to the point A', and the inner edge 221 of the
radiation element 2 extends from the point A to the point A' to
form an inner edge 224. Another end C of the first inner edge
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2201 does not change, so that the first inner edge 2201
changes into an inner edge 2207. One end of the second inner
edge 2202 moves from the point B to the point B', and the
third inner edge 2203 extends from the point B to the point B'
to form aninner edge 2209. Another end C of the second inner
edge 2202 does not change, so that the second inner edge
2202 changes into an inner edge 2208. Accordingly, the angle
0 formed by the inner edge 2207 and the inner edge 2208 is
180°.

The hollow portion 220 presents a first rectangle R1, and
the antenna 2 has a first path P1. The first path P1 includes the
edge 210 of the feed portion 21, the inner edge 224, the inner
edge 2207, the inner edge 2208, the inner edge 2209 and the
fourth outer edge 2007, wherein the length of the first path P1
is a first characteristic length 1. The antenna 4 with the angle
0 of 180° has the first characteristic length L1.

Please refer to FIG. 2(d), which shows the antenna with the
angle 6 between 0° and 180° according to the first embodi-
ment of the present invention. In FIG. 2(d), when the angle 0
is between 0° and 180°, the hollow portion 220 presents a
triangle TA1, and the antenna 2 has a second path P2. The
second path P2 includes the edge 210 of the feed portion 21,
the inner edge 221 of the radiation element 22, the first inner
edge 2201, the second inner edge 2202, the third inner edge
2203 and the fourth outer edge 2007, wherein the length of the
second path P2 is a second characteristic length [.2. The
antenna 4 with the angle 0 between 0° and 180° has the second
characteristic length 1.2.

Please refer to FIG. 2(e), which shows the antenna with the
angle 0 of 0° according to the first embodiment of the present
invention. In FIG. 2(e), the third inner edge 2203 includes the
inner edge 22031 and the inner edge 22032. When the angle
0 is 0°, one end of the first inner edge 2201 moves from the
point C to the point C', and one point of the inner edge 22031
moves from the point D to the point D', wherein the point C'
overlaps the point D', and the portion of the triangle 2210 is
filled to become solid so that an inner edge 2211 is formed.
The hollow portion 220 presents a second rectangle R2, and
the antenna 2 has a third path P3. The third path P3 includes
the edge 210 of the feed portion 21, the inner edge 221 of the
radiation element 22, the inner edge 2211, the inner edge
22032 and the fourth outer edge 2007, wherein the length of
the third path P3 is a third characteristic length 1.3. The
antenna 4 with the angle 8 of 0° has the third characteristic
length L3.

From FIGS. 2(c)-2(e), it is known that the first character-
istic length L1 is longer than the second characteristic length
L2, and the second characteristic length .2 is longer than the
third characteristic length [.3. When the length of the loop-
type antenna is one-fourth of the wavelength of the electro-
magnetic wave of the antenna (A/4), the antenna has a shorter
length and a better converting efficiency during transmission
and reception. Besides, from the equation c=f*}, it is known
that when the electromagnetic wave proceeds at a fixed veloc-
ity of light, the frequency is inversely proportional to the
wavelength. Therefore, the antenna 2 having the first charac-
teristic length [L1 has a lowest transmission/reception fre-
quency, the antenna 2 having the second characteristic length
L2 has a medium transmission/reception frequency, and the
antenna 2 having the third characteristic length [.3 has a
highest transmission/reception frequency. The first character-
istic length L1 is about 4.7 cm, the third characteristic length
L3 is about 1.9 cm, and the second characteristic length .2 is
between 1.9 cm and 4.7 cm.

The angle 6 of the antenna 2 can be set according to
different product requirements to achieve the optimum
impedance matching after the combination of the antenna 2
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6

with the product. Through the use of the simulation software,
the angle 6 achieving a better impedance matching can be
forecasted in advance. This saves unnecessary costs of pro-
duction and experiment. Besides the first embodiment using
the angle 0 to set the characteristic length of the antenna 2, the
characteristic of the antenna 2 can also be set through differ-
ent ground positions 2001, 2002, 2003, 2004, 2005 of the
ground portion 20.

Please refer to FIG. 3, which shows the relationship
between the variation of the angle 6 and the VSWR according
to the first embodiment of the present invention. FIG. 3 shows
the simulation results through the software, wherein the trans-
verse axle represents the frequency (the unit thereot'is GHz),
and the vertical axle represents the VSWR of the antenna 2.
The antenna 2 has an impedance value related to the angle
corner 2200. The impedance matching degree between the
antenna 2 and the transmission line 24 will affect the VSWR
of'the antenna 2. Hence, when the angle 0 of the angle corner
2200 changes, the VSWR of the antenna 2 changes. The
closer the VSWR approaches 1, the better the impedance
matching between the antenna 2 and the transmission line 24
is. Accordingly, the angle 6 can be used to set the impedance
value of the antenna 2 to enable the VSWR thereof to meet
requirements.

In FIG. 3, the curve with circles shows the relationship
between the VSWR of the antenna 2 and the frequency with
the angle 6 of 70°; the solid curve shows the relationship
between the VSWR of the antenna 2 and the frequency with
the angle 6 of 45°; the curve with rectangles shows the rela-
tionship between the VSWR of the antenna 2 and the fre-
quency with the angle 6 of 60°; the dotted curve shows the
relationship between the VSWR of the antenna 2 and the
frequency with the angle 6 of 30°. The frequency range with
the VSWR below 2.0 represents the available frequency
range. In FIG. 3, the frequency range with the VSWR below
2.0 is above 4.8 GHz, but the minimum value of the charac-
teristic length of the antenna 2 needs to be considered. There-
fore, in practical applications, the frequency range is about
4.8 GHz to 6 GHz. As shown in FIG. 3, when the angle 0 is
30°, the VSWRs for the frequency range of 4.8 GHz to 6 GHz
approach 1. This indicates that the impedance matching
between the antenna 2 and the transmission line 24 at the
angle 0 of 30° is better than that at the angle 0 of 45°, 60° or
70°. Accordingly, the angle 6 of 30° is a better choice. That is
to say, when the angle 0 is 30°, 45°, 60° and 70° respectively,
the impedance values of the antenna 2 are a first impedance,
a second impedance, a third impedance and a fourth imped-
ance respectively. The fourth impedance is larger than the
third impedance, the third impedance is larger than the second
impedance, and the second impedance is larger than the first
impedance.

Please refer to FIG. 4(a), which is the radiation pattern of
the antenna operating at the frequency f1 of 4.9 GHz in the
Y-Z plane according to the first embodiment of the present
invention. Please refer to FIG. 4(b), which is the radiation
pattern of the antenna operating at the frequency f1 of 4.9
GHz inthe Z-X plane according to the first embodiment of the
present invention. Please refer to FIG. 4(c¢), which is the
radiation pattern of the antenna operating at the frequency f1
ot 4.9 GHz in the X-Y plane according to the first embodi-
ment of the present invention. In FIGS. 4(a)-4(c), the respec-
tive radiation patterns of the antenna are all measured at the
frequency of 4.9 GHz. In FIG. 4(a), the solid curve represents
the antenna radiation gain formed by the antenna 2 in the Y-Z
plane after the incidence of a test electromagnetic wave per-
pendicular to the ground (straight X direction). The dotted
curve represents the antenna radiation gain formed by the
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antenna 2 in the Y-Z plane after the incidence of a test elec-
tromagnetic wave parallel with the ground (Z-axle direction).
The curve with rectangles represents the antenna radiation
gain formed by the antenna 2 in the Y-Z plane after the
incidence of a test electromagnetic wave perpendicular to the
ground (straight X direction) and a test electromagnetic wave
parallel with the ground (Z-axle direction) respectively. In
FIGS. 4(b) and 4(c), the solid curve, the dotted curve and the
curve with rectangles have similar meanings to those in FIG.
4(a), but the antenna radiation gains formed are in the Z-X
direction and the X-Y direction respectively.

Please refer to FIG. 4(d), which is the radiation pattern of
the antenna operating at the frequency f1 0of'5.875 GHz in the
Y-Z plane according to the first embodiment of the present
invention. Please refer to FIG. 4(e), which is the radiation
pattern of the antenna operating at the frequency f1 of 5.875
GHz in the Z-X plane according to the first embodiment of the
present invention. Please refer to FIG. 4(f), which is the
radiation pattern of the antenna operating at the frequency f1
of'5.875 GHz in the X-Y plane according to the first embodi-
ment of the present invention. In FIGS. 4(d)-4(f), the respec-
tive radiation patterns of the antenna are all measured at the
frequency f1 of 5.875 GHz. In FIG. 4(d), the solid curve
represents the antenna radiation gain formed by the antenna 2
in the Y-Z plane after the incidence of a test electromagnetic
wave perpendicular to the ground (straight X direction). The
dotted curve represents the antenna radiation gain formed by
the antenna 2 in the Y-Z plane after the incidence of a test
electromagnetic wave parallel with the ground (Z-axle direc-
tion). The curve with rectangles represents the antenna radia-
tion gain formed by the antenna 2 in the Y-Z plane after the
incidence of a test electromagnetic wave perpendicular to the
ground (straight X direction) and a test electromagnetic wave
parallel with the ground (Z-axle direction) respectively. In
FIGS. 4(e) and 4(f), the solid curve, the dotted curve and the
curve with rectangles have similar meanings to those in FIG.
4(a), but the antenna radiation gains formed are in the Z-X
direction and the X-Y direction respectively.

Please refer to FIG. 5, which shows an antenna according
to a second embodiment of the present invention. The antenna
7 includes afirst antenna unit 71 and a second antenna unit 72.
The first antenna unit 71 has a first impedance value, and
includes a first radiation element 712 and a first ground por-
tion 710. The first radiation element 712 has a first hollow
portion 7120 having a first angle corner 71200. The first
radiation element 712 includes a first inner edge 71201, a
second inner edge 71202, a third inner edge 71203, a first
outer edge 71204, a second outer edge 71205 and a first
included angle 71206. The first ground portion 710 is con-
nected to the first radiation element 712.

The second antenna unit 72 has a second impedance value,
and includes a second radiation element 722 and a second
ground portion 720. The second radiation element 722 has a
second hollow portion 7220 having a second angle corner
72200. The second radiation element 722 includes a fourth
inner edge 72201, a fifth inner edge 72202, a sixth inner edge
72203, a third outer edge 72204, a fourth outer edge 72205
and a second included angle 72206. The second ground por-
tion 720 is connected to the second radiation element 722.
The first ground portion 710 is connected to the second
ground portion 720. The first impedance value is set by the
first angle corner 71200, and the second impedance value is
set by the second angle corner 72200.

The first angle corner 71200 has a first angle, o, and the
second angle corner 72200 has a second angle 3, wherein the
first angle o can be different from the second angle 3. There-
fore, the first impedance value can be different from the
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second impedance value, and thus the respective suitable
frequencies for the first antenna unit 71 and the second
antenna unit 72 are different. That is to say, the antenna 7 can
perform the reception and transmission at two different fre-
quencies.

The first antenna unit 71 further includes a first feed portion
711 connected to the first radiation element 712. The edge
7110 of' the first feed portion 711 and the edge 7121 of the first
radiation element 712 form a third included angle 713. The
second antenna unit 72 further includes a second feed portion
721 connected to the second radiation element 722. The edge
7210 of the second feed portion 721 and the edge 7221 of the
second radiation element 722 form a fourth included angle
723. The first included angle 71206, the second included
angle 72206, the third included angle 713 and the fourth
included angle 723 are all 90°.

The first radiation element 71 and the second radiation
element 72 both have a sheet structure being a V-shaped
structure. The antenna 7 includes two rectangular loop-type
structures respectively having a gap. The antenna structure 7
further includes a first signal conducting wire 73, a first
ground conducting wire 74, a second signal conducting wire
75, a second ground conducting wire 76, a first transmission
wire 77 and a second transmission wire 78. The first feed
portion 711 is connected to the first transmission wire 77 via
the first signal conducting wire 73 and the first ground con-
ducting wire 74. The second feed portion 721 is connected to
the second transmission wire 78 via the second signal con-
ducting wire 75 and the second ground conducting wire 76.

Please refer to FIG. 6(a), which shows the antenna con-
nected to a substrate vertically according to the first embodi-
ment of the present invention. The ground portion 20 of the
antenna 2 further includes a first bending section 201 and a
second bending section 202. The first bending section 201
and the second bending section 202 both have a screw hole
(not shown), and the antenna 2 can be fixed on the substrate 80
via screws. The substrate 80 is a non-metal substrate, and has
a surface 801 perpendicular to the sheet structure 27. Cer-
tainly, the antenna 2 can also be connected to the substrate 80
through insertion.

Please refer to FIG. 6(b), which shows the antenna con-
nected to a substrate in parallel according to the first embodi-
ment of the present invention. The substrate 90 is a non-metal
substrate, and has a surface 901, a first through hole 902 and
a second through hole 903. The antenna 2 is fixed on the
substrate 90 by inserting the first bending section 201 into the
first through hole 901 and inserting the second bending sec-
tion 202 into the second through hole 903. The surface 901 is
parallel with the sheet structure 27. Besides, the antenna 2 can
also be disposed on the case and connected to the substrate 90
via the conducting wire.

EMBODIMENTS

1. An antenna, comprising:
a first antenna unit having a first impedance value and
including:
a first radiation element having an edge and a first hollow
portion having a first angle corner;
a first ground portion connected to the first radiation ele-
ment; and
a first feed portion connected to the first radiation element
and having an edge, wherein the edge of the first feed
portion and the edge of the first radiation element form a
first included angle; and
a second antenna unit having a second impedance value
and including:
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a second radiation element having an edge and a second

hollow portion having a second angle corner;

a second ground portion connected to the second radiation

element; and

a second feed portion connected to the second radiation

element and having an edge, wherein the edge of the
second feed portion and the edge of the second radiation
element form a second included angle,

wherein the first ground portion is connected to the second
ground portion, the first impedance value is set by the first
angle corner, and the second impedance value is set by the
second angle corner.

2. The antenna of Embodiment 1, wherein:

the first radiation element and the second radiation element
both have a sheet structure being a V-shaped structure; and

the antenna comprises two rectangular loop-type structures
respectively having a gap.

3. The antenna of any one of Embodiments 1-2, further com-
prising a first signal conducting wire, a first ground conduct-
ing wire, a second signal conducting wire, a second ground
conducting wire, a first transmission wire and a second trans-
mission wire, wherein the first feed portion is connected to the
first transmission wire via the first signal conducting wire and
the first ground conducting wire, and the second feed portion
is connected to the second transmission wire via the second
signal conducting wire and the second ground conducting
wire.

4. An antenna interacting with a signal having a frequency,
comprising:

a radiation element having a hollow portion having an
angle corner related to the frequency, and including:

a first inner edge;

a second inner edge, wherein the angle corner is formed by

the first inner edge and the second inner edge;

a third inner edge connected to the second inner edge;

a first outer edge; and

a second outer edge, wherein the first outer edge and the

second outer edge form a first included angle.
5. The antenna of Embodiment 4, further comprising a feed
portion having an edge and receiving the signal, wherein the
radiation element further includes a first end portion and an
inner edge, the feed portion is connected to the first end
portion, and the edge of the feed portion and the inner edge of
the radiation element form a second included angle.
6. The antenna of any one of Embodiments 4-5, wherein the
antenna further comprises a ground portion connected to the
radiation element and having a plurality ofrecesses, the radia-
tion element further includes a second end portion connected
to the ground portion, and the recesses are disposed at differ-
ent positions of the ground portion for setting a characteristic
length of the antenna to perform an action being one of
sending and receiving the signal having the frequency.
7. The antenna of any one of Embodiments 4-6, wherein the
ground portion is connected to the third inner edge.
8. The antenna of any one of Embodiments 4-7, wherein the
first included angle and the second included angle are both
90°.
9. The antenna of any one of Embodiments 4-8, wherein the
radiation element has a sheet structure being a V-shaped metal
structure.
10. The antenna of any one of Embodiments 4-9, further
comprising:

a non-metal substrate connected to the sheet structure and
having a surface parallel with or perpendicular to the sheet
structure.

11. The antenna of any one of Embodiments 4-10, wherein
the antenna is a rectangular loop-type structure having a gap.
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12. The antenna of any one of Embodiments 4-11, wherein

the antenna has an impedance value related to the angle

corner.

13. The antenna of any one of Embodiments 4-12, wherein

the angle corner has an angle between 0° and 180°.

14. The antenna of any one of Embodiments 4-13, wherein:
when the angle is 180°, the hollow portion presents a first

rectangle and the antenna structure has a first characteristic

length;

when the angle is between 0° and 180°, the hollow portion
presents a triangle and the antenna structure has a second
characteristic length; and

when the angle is 0°, the hollow portion presents a second
rectangle and the antenna structure has a third characteristic
length, wherein the first characteristic length is longer than
the second characteristic length, and the second characteristic
length is longer than the third characteristic length.

15. An antenna having an impedance value, comprising:

a radiation element having a hollow portion having an
angle corner related to the impedance value, and including:

a first inner edge;

a second inner edge, wherein the angle corner is formed by

the first inner edge and the second inner edge;

a third inner edge connected to the second inner edge;

a first outer edge; and

a second outer edge, wherein the first outer edge and the

second outer edge form a first included angle.
16. The antenna of Embodiment 15, wherein the radiation
element further includes a first end portion and a second end
portion, and the antenna further comprises:

a feed portion connected to the first end portion;

a ground portion connected to the second end portion and
the third inner edge; and

a substrate connected to the ground portion.

17. The antenna of any one of Embodiments 15-16, wherein
the hollow portion has an edge, and the first inner edge is a
part of the edge of the hollow portion.

18. The antenna of any one of Embodiments 15-17, wherein
the hollow portion has an edge, and the second inner edge is
a part of the edge of the hollow portion.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiments. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. An antenna, comprising:

a first loop antenna unit including:

a first radiation element having a first inner edge, a second
inner edge connected to the first inner edge, a third inner
edge connected to the second inner edge, a first outer
edge and a second outer edge connected to the first outer
edge;

a first ground portion connected to the first radiation ele-
ment, having a third outer edge, a fourth outer edge and
a plurality of recesses, wherein the third outer edge is
connected to the fourth outer edge, the fourth outer edge
is connected to the third inner edge of the first radiation
element, the plurality of recesses are non-parallel to and
disconnected from one another, and the plurality of
recesses are disposed at the third outer edge for setting a
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characteristic length of the antenna to perform an action

being one of sending and receiving a signal having a

frequency; and

a first feed portion connected to the first radiation element
and having an edge, wherein the edge of the first feed
portion and an inner edge of the first radiation element
form a first inclined angle; and

a second loop antenna unit having a second impedance
value, and including:

a second radiation element having an edge and a second
hollow portion having a second angle corner;

a second ground portion connected to the second radiation
element and having a plurality of recesses, wherein the
plurality of recesses are non-parallel to and discon-
nected from one another and disposed at different posi-
tions of the second ground portion; and

a second feed portion connected to the second radiation
element and having an edge, wherein the edge of the
second feed portion and the edge of the second radiation
element form a second inclined angle, wherein the first
ground portion is connected to the second ground por-
tion.

2. An antenna as claimed in claim 1, wherein the first
radiation element and the second radiation element both have
a sheet structure being a V-shaped structure and the antenna
comprises two rectangular loop structures respectively hav-
ing a gap.

3. An antenna as claimed in claim 1, further comprising a
first signal conducting wire, a first ground conducting wire, a
second signal conducting wire, a second ground conducting
wire, a first transmission wire and a second transmission wire,
wherein the first feed portion is connected to the first trans-
mission wire via the first signal conducting wire and the first
ground conducting wire, and the second feed portion is con-
nected to the second transmission wire via the second signal
conducting wire and the second ground conducting wire.

4. A loop antenna interacting with a signal having a fre-
quency, comprising:

a radiation element having a hollow portion having an

angle corner related to the frequency, and including:

a first inner edge;

a second inner edge, wherein the angle corner is formed
by the first inner edge and the second inner edge;

a third inner edge connected to the second inner edge;

a first end portion;

a fourth inner edge;

a first outer edge;

a second outer edge, wherein the first outer edge and the
second outer edge form a first inclined angle;

a feed portion having an edge and connected to the
radiation element, wherein the fourth inner edge is
connected between the first inner edge and the edge of
the feed portion; and

a ground portion connected to the radiation element, hav-
ing a third outer edge and a fourth outer edge and a
plurality of recesses being non-parallel to and discon-
nected from one another, wherein the third outer edge is
connected to the fourth outer edge, the fourth outer edge
is connected to the third inner edge of the radiation
element and the plurality of recesses are disposed at the
third outer edge.

5. An antenna as claimed in claim 4, wherein the edge of the

feed portion and the fourth inner edge of the radiation element
form a second inclined angle.
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6. An antenna as claimed in claim 4, wherein the ground
portion is connected to the third inner edge.

7. An antenna as claimed in claim 5, wherein the first
inclined angle and the second inclined angle are both 90°.

8. An antenna as claimed in claim 4, wherein the radiation
element has a sheet structure being a V-shaped metal struc-
ture.

9. An antenna as claimed in claim 8, further comprising a
non-metal substrate connected to the sheet structure and hav-
ing a surface parallel with or perpendicular to the sheet struc-
ture.

10. An antenna as claimed in claim 4, wherein the antenna
is a rectangular loop structure having a gap.

11. An antenna as claimed in claim 4, wherein the antenna
has an impedance value related to the angle corner.

12. An antenna as claimed in claim 4, wherein the angle
corner has an angle between 0° and 180° inclusive.

13. An antenna as claimed in claim 12, wherein:

when the angle is 180°, the hollow portion forms a first
rectangle and the antenna has a first characteristic
length;

when the angle is between 0° and 180°, the hollow portion
forms a bullet shape and the antenna has a second char-
acteristic length; and

when the angle is 0°, the hollow portion forms a second
rectangle and the antenna has a third characteristic
length, wherein the first characteristic length is longer
than the second characteristic length, and the second
characteristic length is longer than the third characteris-
tic length.

14. A loop antenna having an impedance value, compris-

ing:

a radiation element having a hollow portion having an
angle corner related to the impedance value, and includ-
ing:

a first inner edge;

a second inner edge, wherein the angle corner is formed
by the first inner edge and the second inner edge;

a third inner edge connected to the second inner edge;

a first outer edge;

a second outer edge, wherein the first outer edge and the
second outer edge form a first inclined angle;

a ground portion connected to the radiation element,
having a third outer edge and a fourth outer edge and
a plurality of recesses that are non-parallel to and
disconnected from one another, wherein the third
outer edge is connected to the fourth outer edge, the
fourth outer edge is connected to the third inner edge
of the radiation element and the plurality of recesses
are disposed at the third outer edge; and

a feed portion connected to the radiation element.

15. An antenna as claimed in claim 14, wherein the radia-
tion element further includes a first end portion and a second
end portion, and wherein the feed portion is connected to the
first end portion, the ground portion is connected to the sec-
ond end portion and the third inner edge, and a substrate is
connected to the ground portion.

16. An antenna as claimed in claim 14, wherein the hollow
portion has an edge, and the first inner edge is a part of the
edge of the hollow portion.

17. An antenna as claimed in claim 14, wherein the hollow
portion has an edge, and the second inner edge is a part of the
edge of the hollow portion.
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